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PURPOSE: A fine pattern formation method of 
semiconductor devices is provided to easily achieve 
exact and vertical fine patterns by restraining a 
generation of an overhang profile of photoresist 
patterns in RFP(Resist Flow Process). 
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CONSTITUTION: After forming an Interlayer dielectric 
(31) on a semiconductor substrate(30), a first 
photoresist(32) is coated on the interlayer dielectric 
(31). A second photoresist(33) is coated on the first 
photoresist(32). At this time, the glass transition 

temperature of the second photoresist(33) is relatively high compared to the first photoresist(32). After 
forming a photoresist pattern by exposing and developing, the photoreist pattern is flowed by annealing. 
The interlayer dielectric<31 ) is then etched by using the photoresist pattern as a mask. 
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ABSTRACT /l* 

The present invention relates to semiconductor manufacturing 
technology and particularly to the lithographic process in the manufacture 
of a semiconductor, device . The present invention aims to provide a method 
of forming a fine pattern in a semiconductor device that can prevent the 
occurrence of an overhang profile in the photoresist pattern during the 
resist flow process. The present invention's characteristic method of 
forming a fine pattern in a semiconductor device comprises a first step 
of coating a first photoresist on a given etching- target layer; a second 
step of coating on the first photoresist a second photoresist having a 
glass transition temperature that is higher than that of the first 
photoresist; a third step of forming a photoresist pattern by exposing 
and de-veloping-the-f ir s t and second photoresists; a-^f ourt-h-step of- causing 
the photoresist pattern to flow by heating; and a fifth step of etching 
the etching- target layer using the photoresist pattern as an etching mask. ' 
REPRESENTATIVE DRAWING 
FIG. 3c 
KEYWORDS 

resist flow process, fine pattern, resolution limit, overhang profile, 
vertical profile 

SPECIFICATION /2 
Brief Description of Drawings 

FIGs. la to lc show the process of forming a contact hole using 
conventional resist flow process (RFP) . 

♦Number in the margin indicates pagination in the foreign text. 



2 



FIG. 2 is a SEM image of a contact cross-section in the case of a 
contact pattern of 2 00 nm that has been reduced to a contact pattern of 
about 125 nm using conventional RFP . 

FIGs. 3a to 3c show the process of forming a contact hole using RFP 
based on an embodiment of the present invention. 

FIG. 4 is a SEM image of a contact cross -section using the present 
invention's RFP. 
Reference Numerals in Drawings 
30: substrate 
31: interlayer dielectric 
32: first photoresist 
33: second photoresist 



The present invention relates to semiconductor manufacturing 
technology and particularly to the lithographic process in the manufacture 
of a semiconductor device. 

Following the increase in the density of semiconductor devices, the 
reduction in design rule has been accelerating. This reduction in design 
rule depends on developments in the lithographic process, i.e., 
developments in photoresist, new exposure source, and lithographic 
equipment . f ^ } 



The current resolution limit ofi KrF$ lithographic equipment in the 

step of compatibilization is about 0.16 pm. For next -generation, 



Detailed Description of Invention 



Object of Invention 



Field of Invention and Prior Art 
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ultra-high-density semiconductors, a finer pattern is demanded such that pressure 
is increasing to reduce design rule. 

To satisfy this demand, technology for forming a fine pattern below 
the resolution limit has been developed called resist flow process (RFP) . 
RFP is the process in which a photoresist pattern already formed through 
exposure and development is heated for a set time at a temperature above 
the glass transition temperature of the photoresist, thus inducing the 
photoresist to flow, and thereby reducing the size of the pattern. Through 
RFP t it has become possible to form a fine pattern of below 0.16 pm using 
KrF lithographic equipment. 

FIGs. la to lc illustrate the process of forming a contact hole using 
conventional RFP. 

First, as in FIG. la, an interlayer dielectric 11 is formed on top 
of a substrate 10 that has gone through a given sub-process, photoresist 
is coated thereon, and a photoresist pattern 12 is formed through exposure 
and development . 

Next, as in FIG. lb, heating is done for a set time at a /3 
temperature above the glass transition temperature of the photoresist 
to make the photoresist pattern 12 flow. 

Then, as in FIG. lc, the photoresist pattern 12 is used as an etching 
mask to dry-etch the interlayer dielectric 11, whereby a contact hole 
is formed. 

In this method of forming a contact hole using conventional RFP, 
when the temperature and time go beyond a certain limit in performing 
the RFP, the photoresist pattern 12 is induced to flow in excess, and 
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because of the adsorption of the photoresist and the lower layer that 
is the interlayer dielectric 11, an overhang A of the photoresist pattern 
12 is induced, as illustrated in FIG. lb. This overhang A of the photoresist 
pattern 12 causes a problem in that ultimately, during etching, a vertical 
contact profile cannot be obtained. 

FIG. 2 is a SEM image of a contact cross-section in the case of a 
contact pattern of 200 nm that has been reduced to a contact pattern of 
about 125 nm using conventional RFP. It shows the result of heating at 
132°C for 90 seconds, from which it can be confirmed that an overhang 
profile was induced in the photoresist pattern. 

Such a problem appears not only when forming a contact hole, but 
also during other pattern- forming processes. 

Technical Task Invention Seeks to Accomplish 

To resolve the aforementioned problem of prior art, the present 
invention aims to provide a method of forming a fine pattern in a 
semiconductor device, whereby an overhang profile in the photoresist 
pattern can be prevented during the resist flow process. 

Constitution and Operation of Invention 

To achieve the foregoing technical task, the present invention's 
characteristic method of forming a fine pattern in a semiconductor device 
comprises a first step of coating a first photoresist on a given 
etching-target layer; a second step of coating on the first photoresist 
a second photoresist having a glass transition temperature that is higher 
than that of the first photoresist; a third step of forming a photoresist 
pattern by exposing and developing the first and second photoresists; 
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a fourth step of causing the photoresist to flow by heating; and a fifth 
step of etching the etching-target layer using the photoresist pattern 
as an etching mask. 

Preferably, the second photoresist has a glass transition temperature 
that is 1-10°C higher than that of the first photoresist. 

Preferably, the second photoresist is coated at a thickness that 
is five to seven times that of the first photoresist. 

Preferably, the heating is performed for 50-200 seconds at a 
temperature that is 1-10°C higher than the glass transition temperature 
of the second photoresist. 

Preferably, the first and second photoresists are each composed of 
a homopolymer or copolymer from among polyvinylphenol, 
polyhydroxystyrene, polynorbornene, polyadaman [sic] , polyamide, 
polyacrylate, and polymethacrylate . 

Below, a preferred embodiment of the present invention is introduced 
so that a person with ordinary skill in the art to which the present 
invention pertains can more easily perform the present invention. 

The present invention is explained with reference to FIGs. 3a to 
3c, which show the process of forming a contact hole using RFP based on 
an embodiment of the present invention. 

According to the present embodiment, first, as in FIG. 3a, an /4 
interlayer dielectric 31 is formed on a substrate 30 that has undergone 
a given sub-process, photoresist is doubly coated thereon, and a 
photoresist pattern is formed through exposure and development. Here, 
it is preferred that the first photoresist 32 coated on the lower part 
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be of a material whose glass transition temperature (Tg^is ^l^0 o C lower 
than that of the second photoresist 33 coated on the upper part. It is 
also preferred that the second photoresist 33 be coated in a thickness 
that is about five to seven times that of the first photoresist 32. 
Moreover, for the first and second photoresists 32,33, a resist that is 
a homopolymer or copolymer of polyvinylphenol, polyhydroxystyrene, 
polynorbornene, polyadaman [sic] , polyamide, polyacrylate, or 
polymethacrylate may be used, and by adjusting the polymer content 
the resist, the glass transition temperature of the resist can be 
controlled. However, the lithographic characteristics must be mutually 
similar . 

Next, as in FIG. 3b, the substrate is heated for a set time (preferably 
50-200 seconds) at a temperature that is above the glass transition 
temperature of the second photoresist 33 (preferably 1-10°C higher) so 
as to cause the photoresist pattern to flow. 

Then, as in FIG. 3c, the interlayer dielectric 31 is dry-etched using 
the photoresist pattern as an etching mask, whereby a contact hole is 
formed. 

As above, a photoresist having a relatively low glass transition 
temperature is coated on the lower part, a photoresist having a relatively 
high glass transition temperature is coated thereon, and, after the 
photoresist pattern has been formed through exposure and development, 
heating at high temperature is done. As a result, the photoresist with 
the low glass transition temperature flows first before the photoresist 
having the high glass transition temperature, at which juncture the 
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photoresist having low glass transition temperature, owing to the 
buffering effect that reduces the adsorption of the photoresist having 
high glass transition temperature and the lower layer, averts the overhang 
profile of the photoresist pattern. Accordingly, a finer pattern can 
be obtained, and even during subsequent etching, a vertical pattern profile 
can be obtained. 

FIG. 4 is an SEM image of a contact cross-section formed using the 

present invention's RFP. It shows th^result .of forming a photoresist 

I 7 /tf 3 © 

pattern using aj 0 . 08 -pinf thick photoresist with low glass transition 



temperature and a 0.5-iim ^^ ck photoresist witj^igh glass transition 
temperature and then heating at 132°C^£or 90 seconds. Through the present 



invention's RFP, a contact pattern of 200 nm can be reduced to a contact 
pattern of about 1 2XLn m, and the pattern can also obtain a vertical profile. 

The present invention, as explained above, is not limited by the 
aforementioned embodiment or by the accompanying drawings, and various 
substitutions, modifications, and changes within the scope of not 
departing from the present invention' s concept shall be clear to a person 
having ordinary skill in the art to which the present invention belongs. 

For example, in the aforementioned embodiment, a contact hole was 
formed using RFP. However, the present invention can be applied to all 
cases of forming fine patterns aside from contact holes. 

Effect of Invention 

The present invention averts the occurrence of an overhang profile 
of the photoresist accompanying the resist flow process such that r a finer 
and vertical pattern profile can be obtained, thereby guaranteeing the 
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reliability and reproducibility of the process of forming a fine pattern 
below the resolution limit of lithographic equipment. 
(57) CLAIMS 
Claim 1 

A method of forming a fine pattern in a semiconductor device, comprising 
a first step of coating a first photoresist on a given etching- target 
layer; 

a second step of coating on said first photoresist a second photoresist 
having a glass transition temperature that is higher than that of said 
first photoresist; 

a third step of forming a photoresist pattern by exposing arid /5 
developing said first and second photoresists; 

a fourth step of causing said photoresist pattern to flow by heating; 
and 

a fifth step of etching said etching-target layer using said photoresist 
pattern as an etching mask. 
Claim 2 

A method as in Claim 1 wherein said second photoresist has a glass 
transition temperature that is 1-10°C higher than that of said first 
photoresist . 
Claim 3 

A method as in Claim 2 wherein said second photoresist is coated at a 
thickness that is five to seven times that of said first photoresist. 
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Claim 4 

A method as in Claim 2 wherein heating is performed for 50-200 seconds 
at a temperature that is 1-10°C higher than the glass transition 
temperature of said second photoresist. 
Claim 5 

A method as in any of Claims 1 to 4 wherein said first and second 
photoresists are each composed of a homopolymer or copolymer of 
polyvinylphenol, polyhydroxystyrene, polynorbornene, polyadaman [sic] , 
polyamide, polyacyrlate, or polymethacrylate . 
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Fig, lc 
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Fig. 2 
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Fig. 3a 
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Fig. 3b 
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Fig. 3c 
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